

\ 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


REPORT 1126 


THE EFFECT OF BLADE-SECTION THICKNESS RATIOS 
ON THE AERODYNAMIC CHARACTERISTICS 
OF RELATED FULL-SCALE PROPELLERS 
AT MACH NUMBERS UP TO 0.65 

By JULIAN D. MAYNARD and SEYMOUR STEINBERG 



1953 


For sale by ihe Saperintendent of I>ocimients, U. S. GoTernment Printing OfiBce* Washington 25, D. C. Yearly subscription. $10; foreign, $11.25; 
single copy price yaries according to size. Price 55 cents 


1 



REPORT 1126 


THE EFFECT OF BLADE-SECTION THICKNESS RATIOS 
ON THE AERODYNAMIC CHARACTERISTICS 
OF RELATED FULL-SCALE PROPELLERS 
AT MACH NUMBERS UP TO 0.65 

By JULIAN D. MAYNARD and SEYMOUR STEINBERG 


Langley Aeronautical Laboratory 
Langley Field, Va. 


National Advisory Committee for Aeronautics 

Headquarters j 1724 F Street NW.^ Washington 25^ D. C. 

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific study 
of the problems of flight (U. S. Code, title 50, sec. 151). Its membership was increased from 12 to 15 by act 
approved March 2, 1929, and to 17 by act approved May 25, 1948. The members are appointed by the President, 
and serve as such without compensation. 

Jerome C. Hunsaker, Sc. D., Massachusetts Institute of Technology, C/iairman 
Detlev \V. Bronk, Ph. D., President, Rockefeller Institute for Medical Research, Vice Chairman 


Hon. Joseph P. Adams, member. Civil Aeronautics Board. 

Aelen V. Astin, Ph. D., Director, National Bureau of Standards. 

Leonard Carmichael, Ph. D., Secretary, Smithsonian Institu- 
tion. 

Laurence C. Craigie, Lieutenant General, United States Air 
Force, Deputy Chief of Staff (Development). 

James H. Doolittle, Sc. D., Vice President, Shell Oil Co. 

Lloyd Harrison, Rear Admiral, United States Xav\% Deputy 
and Assistant Chief of the Bureau of Aeronautics. 

R. M. Hazbn, B. S., Director of Engineering, Allison Divisioir 
General Motors Corp. 

William Littlewood, M. E., Vice President — Engineering, 
American Airlines, Inc. 


Hon. Robert B. Murray, Jr., Lmder Secretary of Commerce 
for Transportation. 

Ralph A. Ofstie, Vice Admiral, United States Navy, Deputy 
Chief of Naval Operations (Air). 

Donald L. Putt, Lieutenant General, United States Air Force, 
Commander, Air Research and Development Command. 

Arthur E. Raymond, Sc. D., Vice President — Engineering, 
Douglas Aircraft Co.. Inc. 

Francis W. Reichelderfer, Sc. D., Chief, United States 
Weather Bureau. 

Theodore P. Wright, Sc. D., Vice President for Research, 
Cornell UniversitjL 


Hugh L. Dryden, Ph. D., Director 


John F. Victory, LL. D., Executive Secretary 


John W. Crowley, Jr., B. S., Associate Director for Research 


E. H. Chamberlin, Executive Officer 


Henry J. E. Reid, D. Eng., Director, Langley Aeronautical Laboratory, Langley Field, Va. 

Smith J. DeFrance, D. Eng., Director, Ames Aeronautical Laboratory, Moffett Field, Calif. 

Edward R. Sharp, Sc. D., Director, Lewis Flight Propulsion Laboratory, Cleveland Airport, Cleveland, Ohio 


Langley Aeronautical Laboratory, Ames Aeronautical Laboratory, 

Langley Field, Va. Moffett Field, Calif. 


Lewi.s Flight Propulsion Laboratory. 
Cleveland Airport, Cleveland, Ohio 


Conduct, under unified control, for all agencies, of scientific research on 


the fundamental problems of flight 


11 


REPORT 1126 


THE EFFECT OF BLADE-SECTION THICKNESS RATIOS ON THE AERODYNAMIC 
CHARACTERISTICS OF RELATED FULL-SCALE PROPELLERS AT 

MACH NUMBERS UP TO 0.65 ^ 

By Julian D. Maynard and Seymour Steinberg 


SUMMARY 

The results of an investigation of two lO-foot-diameter, two- 
blade NACA jwojwllers are iwesented for a range of blade angles 
from 20° to 55° at airspeeds up to 500 miles per hour. These 
results are compared with those from previous investigations of 
jive related NACA propellers in order to evaluate the e jects of 
blade-section thickness ratios on j^vopeUer aerodynamic char- 
acteristics. 

The envelope efficiencies of all the NA(^A imypellers are high 
at the lower rotational speeds at which the adverse e jects of 
compressibility are small. The highest efficiencies, about 93 
p)ercent at a helical tip Mach number of 0.9 and 84 percent at a 
helical tip Mach number of 1.1, rejlect the impurtance of using 
thin, efficient airfoil sections throughout the blade. For pro- 
peller operation at constant rotational speed and pwwer at 
helical tip) JMach numbers below 0.8, a reduction in blade-section 
thickness from 12 to 8 percent at the 0.7 -radius station, or ap- 
proximately one-third all along the radius, results in gains in 
p)ropeller efficiency up to 10 p)ercent. 

The maximum efficiency of a p)ropeller operating at a helical 
tip Mach number of 1.1 and Mach number of advance of 0.625 
may be increased ap)p)roximately 20 p)ercent by reducing the 
blade-section thickness from 12 to 5 p)ercent at the 0.7 -radius 
station. At this same condition of op>e ration for prop)ellers 
having blade-section thicknesses between 12 and 8 p)ercent at 
the 0.7-radius station, the maximum efficiency increases ap)prox- 
imately 3 p)ercent for each decrease in thickness of 1 p)ercent at 
this station. For blade-section thicknesses between 8 and 5 
percent at the 0.7 -radius station, the rate of increase in p)ro- 
peller efficiency with reductions in blade-section thickness is 
smaller, but further reductions in thickness may still imp)rove 
the maximum efficiency of propellers op)erating at high forward 
speeds with helical tip Mach numbers as hiah as 1 .1 . 

INTRODUCTION 

A general investigation of the aerodynamic characteristics 
of a series of full-scale 10-foot-diameter propellers at air- 
speeds up to 500 miles per hour has been made in the Langley 
16-foot high-speed tunnel. The ])urpose of this investigation 
was to determine the combined influence of propeller-design 

> Supersedes the recently decla.ssified NACA RM L9D29, “The Effect of Blade-Section T 
Xumbers up to 0.65” by Julian I). Maynard and Seymour Steinberg, 1949. 


])arameters and air compressibility upon propeller perform- 
ance. The blade designs embody variations in shank form, 
l)lade airfoil sectio.n, design lift coefficient or camber, blade 
width, and blade thickness ratio. Most of the blades have 
the high-c.ritical-s])eed NACA 16-series airfoil sections (red. 1) 
and have been designed, without consideration of compressi- 
bility effects, for a minimum induced-energy loss when operat- 
ing as four-blade propellers at an adva:uce ratio of 2.1 and a 
blade angle of 45° at the 0.7-radius station. 

The i)rimarv effects of blade-section camber on propeller 
])erforma.uce have been presented in reference 2, and the data 
showing the characteristics of other related propellers in the 
series have been presented in references 3 to 9. This report 
jiresents the aerodynamic characteristics of two ])i*opellers 
and extends the investigation of related propellers to include 
those having thickness ratios as low as 0.05 at the 0.7-radius 
station. The purpose of the report is to make a comparison 
of the perforimmce data for these two propellers with the 
data contained in references 3, 5, 7, and 8 in order to afford 
an evaluation of the effects of blade-section thickness ratio 
on pro])eller aerodynamic characteristics. 

The thickness ratio of propeller blade sections is of increas- 
ing importa.nce in the desig.n of jjrojiellers for high speeds 
liecause of the compromise which must be made between 
structural requirements and the requirements for thin high- 
critical-speed sections which are necessary to avoid excessive 
comjiressibilitv losses. Compressibility effects have long 
been known to cause radical changes in the characteristics of 
the sections along a projieller blade, and a lack of suitable 
airfoil section characteristics at the present time has made it 
necessary to evaluate by means of propeller tests the effect 
of blade-section thickness ratio upon propeller performance. 

SYMBOLS 

B number of blades 

b blade width, ft 

Fp propeller power coefficient, Ijpn^LP 

(\ propeller thrust coefficient, Tjpii^D^ 

Ci^ blade-section design lift coefficient 

D propeller diameter, ft 
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blado-soction maximum thicknoss, ft 
propeller advance ratio, Vlnl) 

Mach luimher of advance 

helical tip Mach number, J 



])ropeller rotational speed, rps 
])Ower al)sorbed l)y propeller, ft-lb/sec 
radius at any l)lade section, ft 
propeller tip radius 
])ropeller thrust, lb 
velocity of advance, fps 
fraction of jiropeller tip radius, rjli 
blade angle, deg 

blade angle at 0.75-radius station, deg 


propeller efficiency. 



induced efficiency 

mass density of air, slugs/cu ft 

solidity, B tx 


APPARATUS 

PROPELLER DYNAMOMETER 

Photographs of the 2, 000-horsepower dynamometer in the 
test section of the Langley 16-foot high-speed tunnel with 
the tunnel open and closed are shown in figures 1 and 2, 
res])ectively. A diagram showing the important dimensions 
of the propeller dynamometer and its location with res])ect to 
the test section is presented as figure 3. A detailed descri])- 
tion of all the test apparatus and the methods of measuring 
thrust and torque are presented in reference 3. The fairing 
])rofile was (‘alculated from a distribution of sources and sinks 
to produce a body of revolution with uniform axial velocity 
in the plane of the propeller. This axial-velocity distribution 
has been checked experimentally and found to be uniform 
within 1 percent. The gap between the propeller blade and 
the spinner surface at the ])ro])eller blade-s])inner juncture is 
very small (fig. 1) l)ut is not sealed. 

PROPELLER BLADES 

The two ])ro])ellers for which data are ])resented in this report 
are the NACA 10-(3)(062)-045A and NACA 10-(3)(05)-045. 
The NACA design niiml)ers are descriptive of the shape, 
size, and aerodynamic characteristics of the blades used in 
this investigation. The first group of digits re])resents the 
propeller diameter in feet, and the remaining groups of digits 
indicate the design lift coeflicient, thickness ratio, and 
solidity per Idade at the 0.7-radius station. The following 
table shows the blade design numbers of the various ])ro])el- 
lers discussed in this report and also shows the significance 
of the groups of digits in the number designation: 


N.VCA design number 

oijatO.TR 

1 

I h/hiii().7R 

cr/n at 0.7/f 

10-(3)(08)-03 

’ 0 .:, 

! 0. 08 

0. 03 

10-(3)(08)-03R _ 

3 

j . 08 

. 03 

10-(3)(12)-03 

.3 

. 12 

. 03 

10-(3)(05)-04.') 

.3 

. 0.') 

. 040 

10 -( 3 )( 0 r) 2)-045 

. 3 

1 . 002 

. 040 

10-(3)(0r)2)-045.\. 

.3 

; . 002 

. 040 

10-(3)(08)-045 

.3 

.08 

. 040 


The suffix K indicates a i)lade having conventional round 
shank sections, and the suffix A indicates a blade with modi- 
fied shank sections. The NACA 1 6-series blade sections were 
used for all the propellers listed in the table, and, with the 
e.xception of the NACA 10-(3) (08)-03K blade, wide airfoil 
sections extend to the spinner. The spinner has a diameter 
eciual to 21.7 percent of the diameter of a 10-foot propeller. 

Figure 4 shows the blade-form curves for the NACA pro- 
pellers having a solidity of 0.03 per blade at the 0.7-radius 
station, and figure 5 shows a comparison of the l)lade sections 
at two radial stations for the same group of propellers. The 
blade designs are closely related, but two of the propellers of 
this grou]) differ not only in thickness but also in distribu- 
tion of section design lift coefficient, blade width, and 
pitch distribution. These differences between the NACA 
10-(3)(08)-03 and NACA 10-(3)(08)-03R blades are the 
result of an effort to maintain the loading for minimum 
induced-eiiergv loss as far inboard as possible on the round- 
shanked blade. The NACA 10-(3)(l2)-03 blade has the 
same radial distribution of blade-section design lift coefficient, 
the same blade width, and ap])roxiniately the same pitch 
distribution as the NACA 10-(3)(08)-03 blade, but its 
thickness is greater at all radii. 

Figure 6 shows the blade-form curves and figure 7 shows 
the blade-section comparisons for the group of propellers 
having a solidity of 0.045 ])er blade at the 0.7-radius station. 
The ])ropellers of this grou]) have the same radial distribution 
of blade-section desig:n lift coefficient, the same blade width, 
and ap])roxiniately the same ])itch distribution. The NACA 
]0_(3)(()G2)-045 design has the thickest sha:nk sections of 
this grou]), although its outboard sections are considerably 
thinner than those of the NACA 10-(3)(08)-045 design. 
The NACA 10-(3) (062)-045A design was made by simply 
thinning the shank sections of the NACA 10— (3) (062)— 045 
blade until they had the same thicloiess as the NACA 
10 _( 3 )( 08)_045 design at the spinner; the thickness of the 
sections between the s])inner and the 0.7-radius station was 
obtained from a faired line between these two stations. The 
NACA 10-(3)(05)-045 design was made by thinning the 
sections of the NACA 10-(3) (062)-045 blade until the sec- 
tions at the spinner and tip had the same thickness as the 
NACA 10-(3)(062)-045A blade, but the sections between 
these two stations were made thinner. 

TESTS AND REDUCTION OF DATA 

Thrust, torque, and rotational speed were measured during 
tests at fixed blade angles of 20°, 25°, 30°, 35°, 40°, 45°, 50°, 
and 55° at the 0.75-radius (45-in.) station. A constant 
rotational sliced was used for most of the tests, and a range of 
advance ratio was covered by changing the tunnel airspeed, 
which could be varied from about 60 to 500 miles ])er hour. 
The range of blade angles covered at the various rotational 
s])eeds used in the tests of the NACA 10— (3) (062)— 045A and 
NACA 10-(3)(05)-045 propellers, together with figure num- 
bers, is shown in table 1. Similar information is also shown in 
table I for the other propellers as take.u from references 3, 5, 
7, and 8. For the higher blade angles, the comiilete range of 
advance ratio could not be covered at the higher rotational 
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s])eeds because of power limitations. In order to obtain 
])ropeller characteristics at maximum timnel airspeeds, a 
blade angle of 45° was chosen, for which the peak-efficiency 
operating condition could be attained when the tunnel air- 
s])eed was at or near the maximum and the dynamometer was 
operating at its maximum power and rotational speed. For 
these tests at a blade angle of 45°, the rotational speed was 
vTiried to obtain data from the peak-efficiency conditions to 
the zero-torque operating condition. 

The test data have been corrected for tunnel-wall interfer- 
(*nce and for forces acting on the spinner l>y the methods 
described in reference 3 and are presented in the form of the 
usual thrust and power coefficients and ])ropeller efficiency. 
Piopeller thrust, as used herein, is defined as the shaft 
tension caused by the spinner-to-tij) ])art of the blade rotating 
in the air stream. Tests were frequently repeated during the 
investigation, and, for ])urposes of comparison, the data are 
considered accurate within 1 percent and the faired envelo])es 
are believed to be accurate withiji much closer limits. 

RESULTS AND DISCUSSION 

Faired curves of thrust coefficient, power coefficient, and 
propeller efRciency ])lotted against advance j-atio are presented 
in figures 8 to 16 for the two-blade NACA 10-(3) (062)-045A 
pro])eller and in figures 17 to 25 for the two-blade 
NACA 10-(3)(05)-045 pro])eller. Test points are shown oii 
the figures giving thrust and power coefficients. The varia- 
tion of Mach numher of advance and helical tip Mach 
number with advance ratio is shown in the figures giving 
])ro])eller efficiency. 

EFFECT OF BLADE-SECTION THICKNESS RATIO ON ENVELOPE EFFICIENCY 

Figure 26 presents a comparison of the envelo])e efriciencies 
of NACA jiropellers 10-(3) (08)-03, 10-(3) (08)-03K, and 
10-(3)(12)-03 (refs. 3, 5, and 8) at the vai‘ious rotational speeds. 
The thinnest blade of this grouj), NACA 10-(3)(08)-03, 
maintains an envelo])e efficiency of over 0.90 throughout 
the range of advance ratio of the tests at rotational s])eeds 
of 1,140, 1,350, and 1,600 rpm. At these rotational speeds 
and at the design value of advance ratio, 2.1, the NACA 
10-(3)(08)-03 propeller is from 2 to 3 percent more efficient 
than the I'ound-shanked propeller, NACA l0-(3) (08)-03K, 
and from 1.5 to 5.5 ])ercent more efficient than the NACA 
l0-(3) (12)-03 propeller. At the higher rotational speeds 
(2,000 and 2,160 rpm) the envelope efficiencies of all three 
pro])ellers are reduced. The ])ropeller with the thinnest blade 
sections suffers the least reduction in envelope efficieiuw, 
whereas the piopeller with the thickest outboard blade sec- 
tions suffers the greatest loss in envelo])e efficienc3\ At 2,160 
r])m and an advance ratio of 0.90, the envelo])e efficiencies of 
the NACA 10-(3)(08)-03R and NACA 10-(3)(12)-03 pro- 
pellers are lower by 4 and 12 ])ercent, respectively, than the 
envelope efficiency of the NACA 10-(3)(08)-03 ])ropeller. 
These differences in envelo])e efficiency at the higher rota- 
tional speeds may be attributed to compressibility effects, 
which generally lower the lift-drag ratios of thick blade 
sections at high section Mach numbers. 

In figure 26 (b) the envelope efficiencies of the NACA 
propellers in the 0.03-solidity group are compared with the 
induced efficiency of a two-blade propeller with the Betz 


loading for minimum induced-energy loss. This curve of 
optimum efficiency was calculated by a method neglecting 
all profile-drag losses (ref. 10) for a two-blade pro])ellQr 
operating at the same values of power coefficient as were 
obtained with the NACA 10-(3)(08)-03 propeller. Although 
the power coefficients for maximum efficiency are slightly 
different for the three propellers in this group, the values of 
induced efficiency may be considered accurate within about 
1 percent for all three propellers. At the design value of 
advance ratio, 2.1, the induced losses amount to about 4 per- 
cent and the profile-drag losses amount to 3 percent for 
the NACA 10-(3)(08)-03 propeller. At this same design 
value of advance I’atio, the profile-drag losses of the NACA 
10-(3)(08)-03R and NACA 10-(3)(12)-03 propellers are 
about twice as great as those of the propeller having the 
thinner blade sections. The higher efficiency of the NACA 
10-(3)(08)-03 propeller, about 93 percent at a helical tip 
Mach number of 0.9 and 84 percent at a helical tip ]\fach 
number of 1.1, reflects the importance of using thin, efficient 
airfoil sections throughout the blade. 

A comparison of the envelope efficiencies of the NACA 
jiroiiellers in the 0.045-solidity group is shown in figiu*e 27 
for various rotational speeds. Again, the thinnest blade, 
NACA 10-(3)(05)-045, of the group has the highest effi- 
ciency, and the envelojie efficiencies of all the propellers are 
reduced at the higher rotational speeds. Only small differ- 
ences exist in the envelojie efficiencies of the NACA 
10-(3)(05)-045 and NACA 10-(3) (062)-045A propellers, 
although the blade sections of the latter propeller are thicker 
at all radial stations except at the shank and at the ti]>. 
The fact that the thinner blade sections of the NACA 
10-(3)(05)-045 propeller do not inqirove its efficiency much 
above that of the NACA 10-(3) (062)-045A propeller may 
possibly be explained by the slightness of the improvements 
in the lift-drag ratios of the thinner blade sections. Figure 
14 of reference 11 shows that there is little difference in the 
lift-drag ratios of 6- and 9-percent-thick sections (16-3xx 
airfoils) at lift coefficients up to 0.4. Since a large portion of 
(he radial load is perhaps carried by the blade sections of the 
NACA propellers having a thickness of 9 percent or less, a 
reduction in thickness from 6.2 to 5 percent at the 0.7-radius 
station might be expected to cause only small changes in the 
])ropeller efficiency. This result is perhaps true for the 
conditions of operation under which the tests were made; 
however, the difl’erences in efficiency between the two 
pro])ellers may be greater at ^fach numbers of advance 
higher than those used in these tests. If higher Mach 
numbers of advance and lower rotational speeds had been 
used to attain the helical tip ^^ach numbers shown in the 
figures, greater portions of the blades would be sidijected 
to the effects of compressibility. Since the airfoil data in 
reference 11 show that, in general, the thinner sections have 
the higher lift-drag ratios at the higher Mach numbers, a 
reasonable assum])tion would be that the propeller having 
the thinner blade sections along the radius would have 
smaller efficiency losses due to compressibility. The 
envelope efficiencies of the NACA 10-(3) (062)-045 and 
NACA 10-(3)(08)-045 propellers, which had the thickest 
blade sections, arc from 1.5 to 4 percent lower than the 
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envelope efficiencies of tlie thinnest propeller in the 0. 045- 
solidity group. 

The induced efficiency has been calculated from the values 
of power coefficient obtained for each of the NACA pro- 
])ellers in the 0.045-soliditv group, and the curve showing 
induced efficiency in figure 27 (b) may be considered accurate 
within about 1 percent for all four propellers. At the design 
value of advance ratio, 2.1, the curves in figure 27 (b) show 
that the induced losses amount to about 5 percent and the 
profile-drag losses amount to only 2 percent for the NACA 
propeller having the thinnest blade sections. The NACA 
10-(3) (08)-045 propeller, which has the thickest outboard 
blade sections in this group, suffers the greatest profile-drag 
loss (about 4 percent). 

The envelope efficiencies of all the NACA propellers iti 
both solidity groups are very high, and the difterences in 
efficiency between the various propellers of each group are 
small and difficult to analyze for some conditions of opera- 
tion. Where the differences in efficiency are small, the 
relative differences in thrust and ])ower coefficients are also 
small, and it is difficult to draw any general conclusion as to 
whether a loss in efficiency is caused by a loss of thrust or an 
increase of power, or both. 

EFFECT OF THICKNESS RATIO ON CONSTANT-POWER 
PROPELLER OPERATION 

Airplane propellers often operate over an extensive range 
of advance ratio at constant rotational speed and torcpic. 
Since blade-section thickness ratio affects the powei- 
absorption (pialities of a ])ro])eller to some extent, the data 
for the NACA pro])ellers have been com])ared in figure 28 for 
operation at a constant ])ower coefficient of 0.15 and a 
rotational s])eed of 1,140 r])in. This condition of operation 
may be considered representative for two-blade, 10-foot- 
diameter propellers and ])rovides a reasonable basis of com- 
])arison. An interesting observation in figure 28 (a) is that 
the dro]) in efficiency occurs at a lower value of advance ratio 
but is more gradual for the round-shanked ])ro])eller than for 
the NACA 10-(3)(12)-03 ])ro])eller, which has thinner shanks 
but thicker outboard blade sections than the round-shanked 
propeller. At advance ratios above 3.2, the thicker out- 
board sections of the NACA 10-(3)(12)-03 ])i*opeller ap])ear 
to cause greater efficiency losses than the thick shank sections 
of the NACA 10-(3)(08)-03R propeller. However, the gain 
in efficiency of about 10 ])er(*ent at an advance ratio of 3.2 
(d/=0.54), which may be realized by using the thinner 
blade sections of the NACA 10-(3)(08)-03 propeller, should 
be emphasized. A reduction in blade-section thickness from 
12 to 8 percent at the 0. 7-rad ins station, or approximately 
one-third all along the radius, resulted in gains in propeller 
efficiency up to 10 ])erceiit; also, a reduction in thickness of 
only the inboard blade sections (from 30 to 13 percent at 
the 0. 3-radius station) resulted in gains in propeller efficiency 
up to 10 percent. 

The efficiencies for constant-power operation of the pro- 
pellers in the 0.04 5-solidity group are compared in figure 
28 (b). The difierences in efficiency of the propellers in (his 
group do not amount to more than 4 percent, and these 
efficiencies appear to be about equal at both the lowest and 
highest values of advance ratio. The single exception is 


the propeller wdiich has the thickest shank sections, NACA 
10-(3)(0G2)-045; at the highest value of advance ratio (3.5), 
the efficiency of this propeller is about 2 percent less than 
the efficiency of the other three propellers. The curves in 
figure 28 (b) show that a reduction in blade-section thickness 
of only the outboard blade sections (from 8 to 5 percent at 
the 0. 7-radius station) resulted in gains in propeller efficiency 
up to 4 percent. These improvements in efficiency appear 
to be limited to the range of advance ratio for which the 
propeller is designed. The helical tip Mach number of the 
NACA pro])ellers, however, did not exceed 0.8 for the con- 
ditions of operation shown in figure 28. 

Figures 29 and 30 have been prepared to emphasize the 
importance of blade-section thickness in the design of pro- 
pellers to operate at airspeeds where the tip Mach numbers 
are below the critical value. Figure 29 shows the effect of 
airs])eed on the difference in efficiency between the NACA 
10-(3)(08)-03 and NACA 10-(3) (12)-03 two-blade propellers 
w hen operating at a constant powTu- coefficient of 0.15 and a 
constant propeller rotational speed of 1,140 rpm. The 
thinner blade sections of the NACA 10-(3) (08)-03 propeller 
effect an increase in efficiency of 10 percent wdth an increase 
in airspeed from about 260 to 420 miles per hour. The 
corresponding change in helical tip Mach number is from 
0.63 to 0.76 as showm in figure 29. Figure 30 show's the 
efiect of airspeed on the difference in efficiency betw'een the 
NACA 10-(3)(05)-045 and NACA 10-(3)(08)-045 tw'o-blade 
pro])ellers when operating at a constant power coefficient of 
0.15 and a constant rotational speed of 1,140 rpm. The 
thinner outboard blade sections of the NACA 10-(3)(05)-045 
propeller effect an increase in efficiency of 4 ])ercent wdth an 
increase in airspeed up to 220 miles per hour, but, from 220 
to 460 miles per hour, the beneficial effects of the thinner 
blade sections are gradually lost. Apparently, the thicker 
outboard blade sections of the NACA 10-(3)(08)-045 pro- 
peller can carry their loads just as efficiently as the thinner 
sections of the NACA 10-(3)(05)-045 propeller at an airspeed 
of 460 miles per hour. The helical tip Mach number at 
this airspeed is only 0.8, and beneficial effects of the thinner 
blade sections might possibly appear for different radial 
distributions of section Mach number. None of the NACA 
propellers was designed to operate at advance ratios as high 
as 3.2; consequently, higher efficiencies might be expected at 
the higher values of advance ratio because of different pitch 
distributions. Since the superiority of the thinner outboard 
blade sections appears principally in the range of advance 
ratio for wdiich the propeller was designed, substantial gains 
in efficiency through the use of thinner outboard blade sec- 
tions may not be realized unless care is used in selecting the 
radial pitch distribution. 

EFFECT OF THICKNESS RATIO AND COMPRESSIBILITY 
ON PROPELLER CH AR ACTERLSTICS 

The effect of compressibility on the maximum efficiency 
of NACA ])ropellers having differexit blade-section thick- 
nesses is shown in figure 31 for a blade angle of 45° at the 
0.75-radius station. Fdgure 31 (a) show's that the NACA 
10-(3)(12)-03 propeller, wdiich has the thickest outboard 
blade sections in the 0.03-solidity group, suffers the greatest 
efficiency losses at the higher tip Mach numbers. These 
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losses be^in for this propeller at a helical tip Mach munber 
of about 0.825, and the loss amounts to 26 percent at a 
helical tip Mach number of 1 . 1 . The loss in efhcienc}' due to 
compressibility is more gradual foi* the NACA 10-(8)(08)-08K 
])ropeller, and the serious losses do not begin until a helical 
ti]) Mach number of about 0.875 is reached. For this 
propeller the loss in efficiency due to compressibility amounts 
to about 1 9 percent at a helical tip Mach number of 1.1. The 
maximum efficiency of the NACA 10-(3) (08)-03 propeller, 
which has the thinnest blade sections in the 0.03-solidity 
grou]), is about 2 percent higher than the maximum efficienc}^ 
of the other two propellers in the ra.nge of helical tip Mach 
numbers below the critical value. The critical value of tip 
Mach number is perhaps slightly higher for the NACA 
10-(3)(08)-03 propeller than for the NACA 10-(3) (08)-03R 
propeller, and the loss in maximum efficiency due to com- 
pressibility amounts to about 16 percent at a helical tij) 
Mach number of 1.1. 

Figure 31 (a) shows that a reduction in blade-section 
thickness from 12 to 8 percent at the 0.7-radius station, or 
approximately one-third all along the radius, resulted in a 
gain in ])ropeller efficiency of about 12 percent at a helical 
tip Mach number of 1.1. At this same helical tip Mach 
number, a reduction in blade-section thickness of only the 
inboard blade-sections (from 30 to 13 percent at the 0.3- 
radius station) resulted in a gain in jiropeller efliciency of 
about 5 percent. 

Figure 31 (b) shows the effect of compressibility on the 
maximum efficiency of the NACA ])ropellers in the 0.045- 
solidity group. Again, the propeller having the thickest 
outboard blade sections, NACA 10-(3) (08)-045, suffers the 
greatest efficiency losses at the higher tip Mach numbers. 
From a helical tip Mach number of 0.90 to 1.1, the efficiency 
loss due to compressibility for this jiropeller amounts to 
18 ])ercenl. Over this same range of helical tip Mach num- 
ber, the propeller having the thinnest outboard blade 
sections, NACA 10-(3)(05)-045, has a loss in efficiency 
due to compressibility of only 9 percent. The NACA 
10-(3)(062)-045 propeller, which has the thiekest shank 
sections, shows a loss in efficiency due to compressibility of 
13 percent at a helical tip Mach number of 1.1. These 
losses at the higher ti]) Mach numbers are more gradual for 
the NACA 10-(3)(062)-045 propeller than for the NACA 
10-(3)(08)-045 ])ropeller, which has thinner blade sections 
at the shank but thicker outboard blade sections. The 
critical values of helical tip Mach numl)er are approximately 
the same for all the propellers in the 0.045-solidity group, 
and the differences in maximum efficiency are small at ti]> 
Mach numbers below the critical value. The maximum 
efficiency of the NACA 10-(3)(062)-045A propeller is the 
same as for the thinner NACA 10-(3)(05)-045 propeller 
exce])t at the lower values of helical tip Mach number, where 
the thinner Idade perhaps has a slight advantage. 

The curves in figure 31 (b) show that a reduction in blade- 
section thickness of only the outboard blade sections (from 
8 to 5 percent at the 0. 7-radius station) resulted in a gain in 
propeller efficiency of about 12 percent at a helical tip Mach 
number of 1.1. At this same helical tip Mach number, a reduc- 
tion in blade-section thickness of only the inboard blade 


sections (from 16.6 to 13 percent at the 0.3-radius station) 
resulted in a gain in propeller efficiency of about 6 percent. 
A small reduction in thickness (from 6.2 to 5 percent at the 
0. 7-radius station) of the blade sections between the shank 
and the tip had little effect on the maximum propeller effi- 
ciency for the conditions of operation tested. 

An examination of the thrust and power coefficients of the 
propellers operating when the effects of compressibility are 
present may provide a better understanding of the results. 
In figure 32 the thrust and power coefficients for maximum 
efficiency are shown plotted against helical tip Mach number 
for the test propellers at a blade angle of 45° at the 0.75- 
radius station. The scarcity of data prevents a definite es- 
tablishment of the critical Mach numbers, but the curves in 
figure 32 illustrate the trends indicated by the data. The 
curves are somewhat similar to plots of airfoil lift coefficient 
against Mach number for constant angles of attack and show 
that increases in thrust and power coefficient occur before 
the critical Mach number is reached. The critical Mach 
number is higher for the propellers having the thinner blade 
sections. After the critical Mach number is reached, there 
is a marked decrease in both thrust and power coefficients uj) 
to a helical tip Mach number of approximately 1.0, at which 
the power coefficients begin to increase again and the thrust 
coefficients either level off or, in the case of the thinner 
blades, begin to increase again. These changes in thrust 
and ])ower coefficients which occur with changes in helical 
(ip Mach nuinl)er are, with one exception, less abrupt for 
the propellers having the thicker blade sections. The single 
exce])tion is the NACA 10-(3)(08)-045 propeller, which has 
relatively thin shank sections but thick outboard blade sec- 
tions. The curves in figures 31 and 32 show that the radial 
distribution of blade-section thickness ratios has a pro- 
nounced effect on the characteristics of propellers operating 
at helical ti]) Mach numbers above the critical value. 

Any efficiency com])arisons of the propellers in the 0.03- 
solidity group with those in the 0.045-solidity group in order 
to study the effects of thickness ratio will include the effects 
of solidity; however, these effects are small (of the order of 
2 percent) and some generalization may be permitted despite 
the variation in solidity. The NACA propellers discussed 
in this report are closely related, and the assumption may 
be made that the radial distribution of camber, solidity, 
and blade-section thickness is a reasonable optimum for the 
better propellers. With this generalization in mind, the data 
for the NACA propellers may serve to indicate the coin- 
])ressibility losses to be expected for propellers having various 
blade-section thickness ratios. 

The curves in figure 33 show the variation of maximum 
propeller efficiency with thickness ratio at the 0.7-radius 
station for constant values of helical tip Mach number. 
At a helical ti]) Mach number of 0.900 and Mach number 
of advance of 0.520, the maximum efficiency of a propeller 
may be increased approximately 7 percent b}' I’cdiicing 
the blade-section thickness fiom 12 to 5 percent at the 
0.7-radius station. For this Mach number gradient along 
the blade, the rate of change of maximum propeller efficiency 
with blade-section thickness is small for thicknesses up to 12 
percent at the 0.7-radius station, and figure 33 indicates 
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that rod net ions in blado-sootion thiokiioss holow 5 poroont at 
tiio O.T-radiiis station will probahly incroaso the inaxinuiin 
efficiency very little. However, at a helical tip Mach number 
of 1 .1 and a Mach number of advance of 0.625, the maximum 
efficiency of a propeller may be increased approximately 20 
percent by reducing the bladC'Section thickness from 12 to 5 
percemt at the 0.7-radius station. For this higher ^fach 
number gradient along the blade, the rate of change of maxi- 
mum propeller efficiency with blade-section thickness is 
greater, and, for thicknesses between 12 and 8 percent at 
the 0.7-radius station, the maximum efficiency increase's 
approximately 3 percent for each decrease in thickness of 1 
percent at this station. For thicknesses betweeui 8 and 5 
percent at the 0.7-radius station, the rate of increase in 
propeller efficiency with reductions in blade-section thickness 
is smaller. Figure 33 indicates that further reductions in 
thickness may still iinjirove the maximum efficiency of pro- 
pellers operating at helical tip Mach numbers as high as 1.1, 
particularly for conditions of operation where the Mach num- 
ber of advance is high so that large portions of the blades are 
subjected to the effects of air coinpressibilit}L 

CONCLUSIONS 

An investigation of a series of 10-foot-diameter two-blade 
XACA propellers diff’ering in blade-section thickness has 
been completed for a range of blade angles from 20° to 55° 
at airspeeds up to 500 mih's j)er hour. The results of these 
investigations have been compaiud to afford an evaluation 
of the effects of blade-section thickness ratios on propeller 
aerodynamic characteristics, and the following conclusions 
may be drawn : 

1. The (Uivelope eflicicmcies of all the XACA propellers are 
high at the lower Mach numbers at which the advewse effects 
of compressibility are small. The higher envelojic efficiencies, 
however, are attained by the propellers having the thinner 
blade sections. The highest efficiencies, about 93 ])ercent 
at a helical tip Mach number of 0.9 and 84 percent at a 
helical tip Mach number of 1.1, reflect the importance of 
using thin, efficient airfoil sections throughout the blade. 

2. Foi* propcdler operation at constant rotational speed 
(1,140 rpm) and power (prop(41er power coefficient, 0.15) at 
heli(‘al tip Mach numbers below 0.8, 

(a) A reduction in bhule-section thickness from 12 to 8 
perc('iit at the 0.7-radius station, or approximately one-third 
all along the radius, iTSults in gains in propeller efficiency up 
to 10 percent. 

(b) A reduction in blade-section thickness of only the in- 
board blade sections (from 30 to 13 percent at the 0.3-radius 
station) results in gains in propeller ('fficieiicy up to 10 
percent. 

(c) A reduction in blade-section thickness of only the out- 
board blade sections (from 8 to 5 perccuit at the 0.7-radius 
station) results in gains in prop(41er efficiency up to 4 p(u*c('nt. 

3. PMr operation at a blade angle of 45° at the 0.75-radius 
station and a helical tip Mach number of 1.1, the loss in max- 
imum propeller efTicicmcy due to compiTSsibility amounts to 
26 jiercent for the XACA propeller having a blade-section 
thickness of 12 piTcent at the 0.7-radius station. The corre- 
spondingloss in maximum propeller efficiency amounts to only 


9 percent for the XACA propeller having a blade-section 
thickness of 5 percent at the 0.7-radius station. 

4. At a helical tip ^fach number of 0.900 and ^fach num- 
ber of advance of 0.520, the rate of change of maximum pro- 
peller efficiency with blade-section thickness is small for 
thickiu'sses up to 12 percent at the 0.7-radius station, and 
reductions in blade-section thickness below 5 percent at 
this station will probably increase ihe maximum efficiency 
very little. 

5. At a helical tip Mach number of 1.1 and Mach number 
of advance of 0.625, the maximum efficiency of a propeller 
may be increased approximately 20 percinit by iTdiicing 
the blad('-section thickiu'ss from 12 to 5 percent at the 0.7- 
radius station. For blade-section thicknessc's between 12 
and 8 percent at the 0.7-radiiis station, the maximum effi- 
ciency increases approximately 3 percent for each decrease 
in thickness of 1 percent. For bhuh'-section thickiu'sses 
between 8 and 5 ])ercent at the 0. 7-radius station, the rate 
of increase in propeller efficiency witli reductions in blade- 
section thickiu'ss is smaller, but further reductions in thick- 
ness may still improve the maximum efficiency of propelhTs 
operating at iiigh forward speeds with helical tip Mach 
numbers as high as 1.1. 

Langley Aeronautical Laboratory, 

Xational Advisory Committee for Aeronautics, 
fjANGLEY Field, Va., A'pril 25, 1949. 
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Figure 2. — Langley 2,000-horsepower propeller dynamometer in test 
section with tunnel closed. 



Figure 1. — Langley 2,000-horsepower propeller dynamometer in test 
section with tunnel open. 




Figure 3. Configuration of 2,000-horsepower dynamometer for tests of propellers in the Langley 16-foot high-speed tunnel. 
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Figure 4. — Blade-form curves for NACA propellers having a solidity of 0.03 per blade at the 0. 7-radius station. 
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Figure 6.— Hlade-form curves for XACA propellers having a solidity of 0.045 per blade at the 0.7-radius station. 


Blade -section design lift coefficient, 
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NACA l0-(3)(08)-03 
NACA l0-(3)(08)-03R 
NACA IO-(3)(l2)-03 



(b) 


(a) Rlade sections at 0.3-radiiis station. 

(b) Blade sections at 0.7-radius station. 

Figure 5. — Comparison of blade sections at two radial stations for 
NACA propellers having a solidity ot 0.03 per blade at the 0.7-radius 
station. 



'''.''C"-NACA iU-(3)(062)-045A 
''^.'"'NACA I0-(3)(08)-045 
'''NACA 10-(3)(062)-045 
,- NACA I0-(3)(05)-045 
, -NACA IO-(3)(062)-045A 
y ' , NACA I0-(3)(062)-045 
X .--NACA l0-(3)(08)-045 


(b) 

(a) Blade sections at 0.3-radius station. 

(b) Blade sections at 0.7-radius station. 

Figure 7. — Comparison of blade sections at two radial stations for 
NACL\ propellers having a solidity of 0.045 per blade at the 
0.7-radius station. 



(a) Propeller thrust coefficient. 

Figure 8.— Characteristics of NACA 10^(3) (032)-045A propeller. Rotational speed, 1,140 rpm. 
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(b) Propeller power coefficient. 



(c) Propeller efficiency. 

Figure 8 — Concluded. Rotational speed, 1,140 rpm. 


Mach numbers, M and 



Power coefficient, Cp Thrust coefficient, Cj 
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(b) Propeller power coefficient. 

Fioure 9. — Characteristics of XACA l()-(8) (062)-04oA i)rop(‘ller. Rotational speed, 1,350 rpin. 
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(c) Propeller efficiency. 

Fkjure 9. — Concluded. Rotational speed, 1,350 rpm. 


Mach numbers, M and Mf 


Thrust coefficient, Cj, and power coefficient, Cp 


14 


REPORT 1126 — NATIONAL ADVISORY COMMITTEE FOR AERONAU1TCS 



(a) Proi)eller thrust and power coefficients. 

Figure 10. — Characteristics of NACA 10-(8) (062)-045A propeller. Rotational speed, 1,500 rpin; /3o.75/2 = 45°. 
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(b) Propeller efficiency. 

Fioure 10. — Concluded. Rotational speed, 1,500 rpin. 
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Power coefficient, Cp Thrust coefficient, Cj 
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(a) Propeller thrust coefficient. 



(b) Propeller power coefficient. 

Fioure 11. — Characteristics of NACA 10-(3) (062)— 045A propeller. Rotational speed, 1,600 rpm. 



Efficiency, 
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(c) Propeller efficiency. 

Fioure 11. — Concluded. Rotational speed, 1,600 rp in. 



(a) Propeller thrust coefficient. 

Ficure 12. — Characteristics of XACA 10-(3) (062)-04oA propeller. 


Rotational speed, 2,000 rpin. 


Mach numbers, M and 


Power coefficient, Cp 
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(1)) Propeller power coefficient. 


Figure 12. — Continued. 


Rotational speed, 2,000 rpin. 


Efficiency, rj 
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(c) Propeller efficiency. 

Figure 12 . — C’oncluded. Rotational speed, 2,000 rpm. 


Mach numbers, M and Mf 


Power coefficient, Cp Thrust coefficient, CT;- 
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(b) Propeller power coefficient. 

Figurp: 13. — Characteristics of NACA 10-(3) (062)-04oA propeller. Rotational speed, 2,160 rpm. 
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(c) Propeller efficiency. 

Figure 13. — Concluded. Rotational speed, 2,160 rpin. 


Mach numbers, M and Mf 


Thrust coefficient, Cj, ond power coefficient, Cp 
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(a) Propeller thrust and power coefficients. 

Fjgure 14. — Characteristics of XACA 10-(3) (062)-045A propeller at high forward speeds. Mach number of advance at 

maximum efficiency, 0.558: /3o.75/2 = 45°. 


Efficiency, 
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(b) Propeller efficiency. 

PiGURE 14. — Concluded. Mach number of advance at maximum efficiency, 0.558. 
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Mach numbers, /P/ and Mf 


Thrust coefficient, Cj, and power coefficient, Cp 
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(a) Propeller thrust and power coefficients. 

Figure 15.— Characteristics of XACA 10-(3) (062)-045A propeller at liigh forward speeds. Mach number of advance at 

inaximiim efficiency, 0.601; = 45°. 
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(b) Propeller efficiency. 

Figure 15. — Concluded. Mach number of advance at maximum efficiency, 0.601. 


Mach numbers, M ond Mf 


Thrust coefficient, and power coefficient, ^7/3 
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Figure 16. — Characteristics of NACA 10 -( 3 ) (062)-045A propeller at high forward speeds. Mach number of advance at 

inaxiinum efficiency, 0.657; /3o. 75/2 = 45°. 
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(b) Propeller efficiency. 

Figure 16. — Concluded. Mach number of advance at maximum efficiency, 0.657. 
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(a) Propeller thrust coefficient. 



Figure 17. — Characteristics of NACA 10- (3) (05) -045 propeller. Rotational speed, 1,140 rpm. 


Thrust coefficient, Ci 
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(c) Propeller efficiency. 

Figure 17. — Concluded. Rotational speed, 1,140 rpm. 



Figure 18. — Characteristics of NACA 10- (3) (05) -045 propeller. Rotational speed, 1,350 rpni. 


Mach numbers, /V/and Mf 
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(c) Propeller efficiency. 


Figure 18. — Concluded. 


Rotational speed, 1,350 rpin. 


Mach numbers, M and 


Thrust coefficient, dT/-, and power coefficient, (!7/=» 
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(a) Propeller thrust and power coefficients. 

Figure 19. — Characteristics of NACA 10-(3) (05)-045 propeller. Rotational speed, 1,500 rpni; i3o.75« = 45°. 
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Mach numbers, M and Mf 


Power coefficient, Cp Thrust coefficient, Ct 
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(a) Propeller thrust coefficient. 



(b) Propeller power coefficient. 
Figure 20. — Characteristics of NACA 10- (3) (05) -045 propeller. 


Rotational speed, 1,600 rpin. 


34 


REPORT 1126 — NATIONAL ADVISORY COMMITTEE FOR AERONAXTTICS 



(c) Propeller efficiency. 

Figure 20. — Concluded. Rotational speed, 1,600 rpin. 



(a) Propeller thrust coefficient. 

Figure 21. — Characteristics of XACA 10-(3) (06)-045 propeller. 


Rotational speed, 2,000 rpin. 


Vlach numbers, M and Mf 


Power coefficieni, 
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(b) Propeller power coefficient. 

Figure 21. — Continued. Rotational speed, 2,000 rpm. 
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Figure 21. — Concluded. Rotational speed, 2,000 rpin. 


Mach numbers, M and Mf 


Thrust coefficient, 
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(a) Propeller thrust coefficient. 
Figure 22. — Characteristics of NACA 10-(3) (05)-045 propeller. 


Rotational speed, 2,160 rpin. 


Power coefiicient, Cp 
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(b) Propeller power coefficient. 

Figure 22. — Continued. Rotational speed, 2,160 rpm. 
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(c) Propeller efficiency. 

Figure 22. — Concluded. Rotational speed, 2,160 rpm. 


Mach numbers, M and Mf 


Thrust coefficient, Cj^ ond power coefficient, 
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(a) Propeller thrust and power coefficients. 

Figure 23. — Characteristics of NACA 10- (3) (05) -045 propeller at high forward speeds. Mach number of advance at 

maximum efficiency, 0.558; /3 o.75R^45°. 


Efficiency, 
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(b) Propeller efficiency. 

Figure 23. — Concluded. Mach number of advance at maximum efficiency, 0.558. 


Moch numbers, M and Mf 


Thrust coefficient^ Cj^ and power coefficient, 
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(a) Propeller thrust and power coefficients. 


Fir.uRE 24. — Characteristics of XACA 10-(3) (05)-045 propeller at high forward speeds. Mach number of advance at 

maximum efficiency, 0.603; j8o.75«'=45°. 
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(b) Propeller efficiency. 

Figure 24. — Concluded. Mach number of advance at maximum efficiency, 0.603. 


Mach numbers, M and Mf 


Thrust coefficient, Cj, and power coefficient, Cp 
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(a) Propeller thrust and power coefficients. 

Figuke 25. — Characteristics of NACA 10-(3) (05)-045 propeller at high forward speeds. Mach number of advance at 

maximum efficiency, 0.650; 180 . 75/2 = 45°. 


EFFECT OF BLADE-SECTION THICKNESS RATIOS ON AERODYNAMIC CHARACTERISTICS OF RELATED PROPELLERS 


45 



(b) Propeller efficiency. 

PYoure 25. — Concluded. Mach number of advance at maximum efficiency, 0.050. 


Mach numbers, M and Mf 



Envelope efficiency, rj _ Envelope efficiency, 
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(d) 2,000 rpm. 
Figure 26. — Continued 


Envelope efficiency, 77 ^ Envelope efficiency, 
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(e) 2,160 rpin. 
Fkjure 26. — Concluded. 



(a) 1,140 rpin. 

Fir.T^RE 27.— C oinparison of tlie envelope efficiencies of XACA propellers having a solidity of 0.045 per blade at the 0.7-radiiis station. 


Mach numbers, M and Mf Mach numbers, M ond Mf 


Envelope efficiency, r) Envelope efficiency, 
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Advance ratio, J 


(b) 1,350 rpin. 



$ 

•o 

c 

o 


(c) 1,600 rpm. 
Figure 27. — ^Continued. 
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Advance ratio, J 


(e) 2,160 rpiii. 
Figure 27. — Concluded. 


Mach numbers, M and Mf Mach numbers, M and Mf 


Efficiency, 77 ^ ^ Efficiency 
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(a) Solidity, 0.03 per blade at the 0.7-radius station. 



(b) Solidity, 0.045 per blade at the 0.7-radius station. 


Figure 28. — The efficiency of NACA propellers having different blade-section thicknesses when operating at a constant power coefficient 

of 0.15 and a rotational speed of 1,140 rpm. 
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PTnuRE 29. — The effect of airspeed on the difference in efficiency between 
the NACA 10-(3) (08)-03 and NAC^A 10-(3) (12)-03 two-blade pro- 
pellers. Constant propeller rotational speed, 1,140 r])in; constant 
power coefficient, 0.15. 



Ficure 30. — The effect of airspeed on the difference in efficiency 
between the NACA 10-(3) (05)-045 and NACA 10- (3) (08) -04 5 
two-blade propellers. Constant propeller rotational speed, 
1,140 rpin; constant power coefficient. O.lo. 


Maximum efficiency, 17 Maximum efficiency, 
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.5' 10 

.4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 


Helical tip Mach number, Mf 


(a) Solidity, 0.03 per blade at the 0.7-radiiis station. 

(b) Solidity, 0.045 per blade at the 0.7-radius station. 

Figure 31. — The effect of compressibility on the maximum efficiency of NACA propellers having different blade-section thicknesses. 

/3o.75r = 45 ^ 


Mach number of advance, M Mach number of advance. 


Thrust coefficient, Cj ^ ond power coefficient, 


Oi 



Figure 32. — The effect of compressil)ility on the thrust and power coefTicients for inaxiinuni efficiency of XACA propellers having different blade- 

section thicknesses. 
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Figure 33. — The effect of thickness ratio and compressibility on the 
maximum efficiency of the NACA propellers. /3 o,75r=45°. 


TABLE I— RANGE OF BLADE ANGLES AT VARIOUS 
ROTATIONAL SPEEDS FOR NACA 
PROPELLER TESTS 


F'igure 

(a) 

Rotational 
1 speed, rpm 

j Blade angle at 0.75-radius station, fiojs/i, deg 

NACA 10-(3)(002)-045A propeller 

8 

1140 

20 

2.5 

30 

35 

40 

4.5 

50 

55 

9 

1.350 

20 

25 

.30 

3.5 

40 

45 

50 


10 

1.5(K) 






45 



11 

1000 

'20 

2.5 

*30 

3.5 

’46 

45 



12 

2(KK) 

20 

25 

30 

35 





13 

21fM) 

20 

2.5 

30 






14. 1.5. 10 

Varied 






45 



NACA 10-(3)(05)-045 propeller 

17 

1140 

20 

25 

.30 

35 

40 

45 

.50 

55 

18 

13.50 

20 

25 

30 

35 

40 

45 

50 


19 

1.500 





• 

45 



20 

1000 

20 

’25 

’.30 

’35 

’40 

45 



21 

2000 

20 

2.5 

.30 

35 





22 

2100 

20 

25 

30 






23. 24. 25 

Varied 






45 



NACA 10-(3)(002)-045 propeller (ref. 7) 

4 

1140 


25 

30 

35 

40 

45 

50 

55 

5 

13.50 

20 

25 

30 

.35 

40 

45 

50 


0 

1500 






45 



7 

1000 


'25 

.30 

'3.5 

40 

45 



8 

20(M) 

20 

2.5 

30 

35 





9 

2100 

20 

25 

.30 






10 

Varied 






45 



NACA 10-(3)(08)-045 propeller (ref. 7) 

11 

1140 



30 

.35 

40 

45 

.50 

55 

12 

13.50 

20 

'25 

30 

35 

40 

45 

.50 


13 

1.5(K) 






45 



14 

1000 

20 

’25 

*30 

'^5 

40 

45 



15 

2(KK) 

20 

25 

30 

35 





10 

2100 

20 

25 

30 






17 

Varied 






45 



NACA 10-(3)(08)-03 propeller (ref. 3) 

19 

1140 



.30 

35 

40 

45 

.50 

55 

20 

13.50 


'25 

30 

35 

40 

45 

50 


21 

1.500 






45 



22 

10(K) 

'26 

25 

'.30 

*.i5 

'46 

45 



23 

2(MK) 

20 

25 

30 

35 





24 

2100 

20 

25 

30 






25 

Varied 






45 



NACA 10-(3)(08)-03K propeller (ref. 5) 

3 

1140 




35 

40 

45 

.50 

55 

4 

13.50 

'20 

*2.5 

*30 

35 

40 

45 

.50 


8 

15(K) 






45 



5 

1000 

'26 

*25 

*30 

.35 

'40 

45 



0 

2(KHI 

20 

25 

.30 

35 





7 

2100 

20 

2.5 

30 






9 

Varied 






45 



10 

Varied 







50 


NACA 10-(3)(12)-{)3 propeller (ref. 8) 

2 

1140 


25 

30 

35 

40 

45 

50 

55 

3 

1350 

20 

25 

.30 

35 

40 

45 

50 


4 

1.5(K) 






45 



5 

10(K) 

'20 

*25 

30 

’35 

’46 

45 



0 

20(H) 

20 

2.5 

.30 

35 





7 

2100 

20 

2.5 

30 






8 

Varied 






45 




o Figure numbers refer to figures in the references e.xcept for the NACA 10-(3)(0‘i2)-045A 
and NACA 10-(3)((^)-045 propellers. 
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